ABSTRACT: Tolerance and growth at temperatures from 0 ° to 36°C were investigated using 15 species and strains of Gracilaria Grey. isolated from tropical and temperate coasts of the Atlantic and eastern Pacific Oceans. All survived a minimum of 15 °C and, with two exceptions, a maximum of 28°C. Only two species tolerated 34°C and none 36°C which was rapidly lethal. Isolates intolerant of temperatures less than 15 °C were generally species known only from tropical waters, whereas species isolated from temperate waters tended to be eurythermal, and most seemed not to be restricted to cooler waters. Maximum growth of warm-water isolates tended to occur over a broad range of warmer temperatures, 20°C and higher, and usually extended to the upper limits of thermal tolerance. Isolates from temperate waters showed maximum growth at 20 ° or 15 °C, and there was no appreciable growth of any of the isolates below 10 °C. These experimental results are in accord with known distributional patterns of Gracilaria. There is a correlation between temperature and number of species, with most species reported from warm-water areas where the mean water temperature is 25 °C or more. Where the 3-month mean minimum temperature is less than 20 °C, there is a rapid decline in number of species. In the eastern Atlantic, the relationship is less obvious as few species have been reported from the warm-water region. This is quite likely the result of other environmental factors.
INTRODUCTION
The genus Gracilaria Greville is one of the largest genera of red algae in terms of number of species. It is, moreover, a very widely distributed genus, occurring in all oceans except the Arctic. This size and wide distribution make it ideally suited for biogeographic analysis. G. coronopifolia J. Ag. COR 24-27 (Hawaii) whenever possible and, for some strains, tetrasporophytes also were used to compare the responses of the two phases. General culture procedures and medium have been described previously (N. . Incubation was in water baths or growth chambers, and irradiance, from cool-white fluorescent lamps, was provided at 75 ~tE m -2 s -1 on a 12:12 h (L:D) cycle. Experimental temperatures ranged from 0 °C to 36 °C, as indicated in Figure 1 .
Tolerance Apical segments about 10 mm long, 15 per culture vessel, were incubated for 6 weeks in culture tubes containing 50 ml of medium and capped with "Kimble" closures. The cultures are not aerated, and the medium was changed weekly at the higher temperatures (> 20 °C} and fortnightly at the lower temperatures. To test for effects of thermal shock, inocula were preconditioned for about 1 week at the highest non-lethal temperature before being subjected again to the initially lethal extremes of temperature. Material that did not grow during the experimental period, but was visually judged to have survived, was incubated at 20 °C for a further period, and viability was assessed by subsequent growth. Assessment of tolerance was based simply on growth at the experimental temperature or after removal to more favourable conditions.
Growth
Thirty apices of each isolate, I0 mrn long, were incubated with aeration and weekly change of medium at the experimental temperatures for 3 weeks. Growth was assessed by four categories of mean increase in length (or weight for G. mammillaris, with branched apices): {1) maximum increase for the isolate, (2) increase at least 50 % of maximum, (3)measurable increase, 20-50 % of maximum, and (4)no measurable increase or increase < 20 % of maximum, disregarded as being possibly artifactual.
Temperature and distribution records
Oceanic temperatures used in our considerations are general for coastal waters (adapted from Gorshkov, 1976 Gorshkov, , 1979 , and do not include local habitat variations. Temperature ranges for the specific habitat from which the experimental isolates were obtained (unpubl. observations) are included when available in Table 1 .
Distribution records of species are derived from the available literature. For the western Atlantic, the nomenclature generally follows that of Taylor (1960) , and starts from Dawson (1949) for the Eastem Pacific. For the eastern Atlantic, the floristic literature is rather more scattered, but the nomenclature here does not predate 1958. We have updated the nomenclature according to recent publications, and make no unpublished amendments here; however, in discussing certain species, we consider the conventionally used specific epithet to be incorrect or doubtful, and have preferred to designate the taxon merely as Gracilaria sp.
RESULTS AND DISCUSSION

Tolerance
The results of all experiments are summarized in Figure 1 . There were no noticeable differences in response between gametophytes and tetrasporophytes, and no further distinction is made between these phases. This is consistent with other observations on thermal responses of macroalgae with isomorphic generations {van den Hoek, 1982} . A cautionary note is appropriate here: responses to temperature may be tempered to some degree by experimental conditions, and plants in the field may respond differently. The experimental results do serve, however, to indicate the approximate potential of species, and illustrate differences among them.
All species tolerated temperatures from 15 °C through 24 °C. Species that did not survive 10°C were from warm-water areas with a minimum ambient temperature of more than 15°C and sometimes as much as 24°C (Table 1 ). In addition, species that tolerated 30 °C or higher were also usually from warm-water habitats. However, a direct correlation between an isolate's range of tolerance and local field temperature is not always apparent. Isolate GTF of G. tikvahiae, for example, tolerated temperatures much lower than it would experience in nature, its range of tolerance being identical with that of its northern counterpart BAR. This suggests that thermal tolerance is uniform throughout the geographic range of a species and is not altered by adaptation to local conditions (cf. Bolton & Liining, 1982; Rietema & van den Hoek, 1984) , and that temperature ecotypes are not present in this species. Gracilaria. Three categories of growth are indicated, ranging from maximum (broadest bar) to measurable (single line, 20-50 % of maximum}. The experimental points are indicated on the temperature scale, and the names and sources of isolates are in Table 1 Only with G. foliifera (FOL) was preconditioning effective in extending the range of tolerance, and then only at the lower temperatures. This isolate survived 5 °C when preconditioned at 10 °C. The inference is thus that thermal tolerance in most species of Gracilaria is not influenced by habitat temperature. Such stability contrasts with the ease with which germlings of the brown alga Fucus L can be preconditioned to withstand subzero temperatures (Bird & McLachlan, 1974) , but it has already been pointed out (van den Hoek, 1982) that the short-term exposure employed in such studies is not comparable with the long-term conditions experienced in nature and used here.
The two strains of G. tikvahiae, BAR and GTF, responded identically despite their widely disparate origins, and had the broadest range of tolerance, 0 ° to 34 °C. At 36 °C, however, both strains became moribund within several days. Of the taxa examined experimentally, G. tikvahiae spans the broadest range of latitudes (van den Hoek, 1982) , and its eurythermal properties reflect its wide distribution.
Growth
With the exception of G. mammillaris (M_AM), the isolates grew well at 20 °C, and many showed maximum growth at this temperature. Maximum growth with some was limited to this temperature whereas with others it extended to higher temperatures. This upward extension generally occurred in warm-water species whose lower limits of thermal tolerance were > 10 °C (Fig. 1) . In the tropical isolates DEB and COR, maximum growth occurred between 20 and 28°C and in COR, extended to the upper limits of thermal tolerance. With warm-water isolates BPHI, MAM and GT, maximum growth required temperatures above 20 °C, around 24 °C for MAM and 30 °C for BPHI and GT. MAM grew well at 34 °C during three weeks, although this temperature was ultimately lethal. Of all the isolates examined, MAM was the only one actually to show poor growth at 20 °C.
Isolates from temperate waters, CA excepted, displayed reasonably good growth below 20 °C and, again with the exception of CA, all the isolates from the eastern Pacific showed maximum growth at 15 °C. None of the isolates from any area showed appreciable growth below 10 °C and about 50 % of the isolates failed to grow at this temperature.
Strains of G. tikvahiae, BAR and GTF, grew well over a broad range of temperature, about 16 °. At 34 °C, the upper limits of tolerance, growth declined in BAR but continued to be reasonably good in GTF. Both strains grew reasonably well at 15 °C, and poorly or not at all at 10 °C. The seasonally cold habitat from which BAR was isolated did not enhance its potential for growth at temperatures less than 15 °C.
Reproduction
It has not been possible to separate reproduction from growth in Gracilaria. When plants are growing welt, they become fertile; under conditions that reduce or prevent growth, fertility is suppressed. Temperature, nutrients, and light, including photoperiod, have had, in our experience, no effects on reproduction of the isolates beyond their direct influence on growth. We have been unable to prevent reproduction in healthy cultures of Gracilaria other than to block the formation of cystocarps by restricting fertilization of the female gametophyte. For this reason we have preferred to use segregated female gametophytes as experimental material.
Temperature and geographic distribution
Western Atlantic
The western Atlantic has a continuous mainland coastline lying roughly north-south between latitudes 65°N and 52 °s. A vast area of warm water, with a mean annual temperature around 25 °C, extends from Florida southward to southern Brasil. Except in the northern Gulf of Mexico, the mean 3-month minimum sea temperature in this region is at least 20 °C, and in most locations it is several degrees higher. South of Brasil, along the Argentine coast, minimum sea temperatures are cool, but at least 5 °C in Tierra del Fuego. It is important to emphasize that north of Florida, large annual variations in temperature occur, exceeding 20 ° in some locales, and minimum values of 0°C or less are attained around 40 °N. Temperature regimes clearly reflect circulation patterns in the western Atlantic. Cool water is transported northward along the southern coast of South America, and cold water southward along the coast of Atlantic Canada and New England. Warm water circulates in the central region of the Atlantic, between the Tropic of Capricorn and the Tropic of Cancer.
The Gracilaria flora of the western Atlantic is known reasonably well, perhaps better than on any other coastline of comparable length. We presently recognize about 30 species, while appreciating that taxonomic problems exist. It is unlikely, however, that taxonomic changes wilt greatly modify the general quantitative aspects of this Gracilaria flora.
The region with the largest number of Gracilaria species is the warm-water area between 30 ° N and 30 ° S, from Florida to southern Brasil (Fig. 2) , and including Bermuda. Number of Gracilaria species in the western Atlantic relative to the mean sea temperature (adapted from Gorshkov, 1979) There is little seasonal or spatial thermal variation in these waters, and the distribution of Gracilaria is, as far as records indicate, relatively uniform in the Gulf of Mexico and the Caribbean Sea. Near the middle of this warm-water region, however, the outflows of the Orinoco and Amazon rivers constitute a major perturbation. An extensive area is affected by this intrusion of fresh water, particularly north of the Amazon, and these rivers must be considered significant barriers to movement of algal species along the South American coast. North and south of the warm-water area, the number of species of Gracilaria is sharply reduced. In the northern hemisphere, the reduction begins from Cape Canaveral northward. Temperature, however, remains relatively high (> 20 °C) on offshore reefs of North Carolina, and some common tropical species persist there (Schneider, 1976) . North of Cape Hatteras, where minimum temperatures fall below 15 °C and may be lower than 0 °C, G. tikvahiae is the only species to be found. This species extends to the southern Gulf of St. Lawrence and, at least north of Cape Cod, is restricted to lagoonal habitats where summer temperatures exceed normal coastline maxima.
In the southern hemisphere, cold-water upwelling in the vicinity of Cabo Frio coincides with a significant decrease in the number of species of Gracilaria south of the Tropic of Capricorn (Oliveira, 1984) . Only one, or perhaps two, species occur in Uruguay, and south of the Plata River there are no records for Gracilaria apart from an apparently isolated population of a single species in Chubut Province, Argentina (C. Pujals, M. Mendoza, in verb.; in herb. BA). This species occurs in bays where few other algae are present, and where thermal maxima are about 17 °C and minima about 6°C (Mayer, 1981) . Although this species has not been recorded from farther south, the southern Argentine coast is poorly known floristically, and it is not possible to comment further on probable distribution. We suggest that this Argentine species is related to the flora of the eastern Pacific rather than the Atlantic. We are also aware of records of other Gracilaria species from the Falkland Islands (in herb. BM) and the Palmer Peninsula, Antarctica (Papenfuss, 1964 ; in herb. BA, NRCC); however, until we are able to confirm these determinations, and already the record for the Antarctic has been questioned (R. Moe, in litt.), these sites will not be considered further at this time.
Experimentally, the warm-water isolates from central Florida and the West Indies (DEB, M.AM, GT) tolerated a minimum temperature of 15 °C but did not survive at 10 °C. Moreover, these species required at least 20 °C for significant growth (24 °C for MAM), and the two West Indian isolates manifested maximum growth at higher temperatures. Their distribution thus would not be expected to extend beyond the tropics and, indeed, these species seemed to be restricted to this area. However, the isolate GT is poorly characterized, and it is not possible at present to comment on the general distribution of this taxon. Although we are not considering the geographical distribution of Hawaiian species, similar comments are applicable to the two isolates, COR and BPHI.
The remarkably eurythermal G. tikvahiae (BAR, GTF) is well suited to its broad, known latitudinal range from Atlantic Canada to at least Puerto Rico, and is one of the few north Atlantic species with such a wide distribution (van den Hoek, I982). Its ability to grow at temperatures of 25-32°C permits it to inhabit tropical waters, albeit at superoptimal thermal conditions. Indeed, it appears better equipped to withstand high extremes of temperature than some of the strictly tropical species tested (e.g. DEB, COR). Temperatures above 34 °C, which occur locally in Florida (Earle, 1969) and elsewhere in the tropics, would be lethal to G. tikvahiae and all other isolates examined; however, such temperatures do not occur in open waters and cannot be considered as limiting the distribution of G. tikvahiae (and others), although excluding it from specific habitats. As the only experimentally examined species to tolerate temperatures below 5°C, G. tikvahiae also is able to withstand winter conditions in New England and Maritime Canada, provided that summer temperatures of around 20°C obtain long enough for significant growth to occur. From Cape Cod to the southern Gulf of St. Lawrence, such summer temperatures occur only in shallow embayments, and G. tikvahiae is confined to these specific habitats. Seasonally warm water is of sufficient duration for only one reproductive phase to attain maturity, suggesting that two years are required to complete the life history in nature. Maintenance of these populations may be largely by vegetative propagation (C. J. , although it is noteworthy that sexual compatibility is maintained among not only the spatially isolated populations of eastern Canada, but also between these (BAR) and the Florida strain (GTF) with production of reproductively normal hybrids. North of the southern Gulf of St. Lawrence, either shallow embayments are absent, or seasonal periods of warm water are too short to support G. tikvahiae. Thus, the Gulf of St. Lawrence is the northern limit of distribution of this species in the northwestern Atlantic. We have yet to determine the southward limits of G. tikvahiae, but suspect its occurrence in the Caribbean Sea and perhaps Brasil (see van den Hoek, 1982) .
Eastern Pacific
The continuous coastline of the western Americas, from the Gulf of Alaska to Tierra del Fuego, is relatively uniform except for the major identation of the Gulf of California, and dissection into islands at the higher latitudes. Coastal waters of the eastern Pacific are largely temperate, with only a relatively small area of warm water lying generally north of the equator to about 25 ° N. Temperatures along this coast, as elsewhere, reflect patterns of oceanic circulation and, in this case, are complicated by extensive areas of upwelling and aperiodic incursions of warm water (El Nifio) both north and south of the equator. The latter is the major perturbation on this coast and has been responsible for catastrophic disruptions of the biota (Smith, 1983 ). There are no major rivers to the Pacific from either of the American continents, and the substratum is generally favourable for algal development. Indeed, the marine flora from the Gulf of Alaska to southern Chile is relatively rich in species or with well-developed biomass. Most of this coast is, however, very exposed, and few if any species of Gracilaria are able to develop in areas of extreme exposure. Within the range of Gracilaria, from Chilo6 northward to southern British Columbia, where there are few major bays or sheltered areas apart from the Gulf of California, the populations are disjunct.
The number of species of Gracilaria reported from the eastern Pacific is about the same as for the western Atlantic. Similarly, the number of species along the coast is directly correlated with the water temperature {Fig. 3). Here the number is largest in the Gulf of California, a relatively restricted latitudinal range. This cannot be due solely to meagre floristic records for neighbouring areas, as there are comparable reports on ,. A°o
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1'°1 . Central America (e.g. Dawson, 1961b) and certainly the algal flora of California is welt documented (Abbott & Hollenberg, 1976) . Rather, the area of warm water, with 3-month minimum temperature of 20 °C or more, is very limited on this coast and many species are apparently confined to this area. It should be noted, however, that a number of eastern Pacific species of Gracilaria as presently understood have limited distributions or are known from one locality only. Not all species of more temperate coasts extend into the warmer water (e.g., G. peruana Picc.& Grun.), and species distributions are generally more localized and discontinuous than in the Atlantic. Northward from Baja California, there is a rapid decline in the number of species, to two in British Columbia, the known northern limits of Gracilaria in the eastern Pacific. Temperatures along this coast show little annual variation, and decline gradually toward the Gulf of Alaska, where the minimum and maximum values may be about 10°C and 15 °C, respectively. South of Baja California, the depletion of species is more gradual, partly because other species are added to the flora to replace those endemic to the Gulf of California (Dawson, 1961a) . Additionally, these coastal waters remain relatively warm as far south as Peru. The reduction in number of Gracilaria species, however, parallels a decline in the total number of species in the flora (Gaines & Lubchenco, 1982) . Farther south, the pattern of declining numbers of Gracilaria species is ill-defined, possibly because of taxonomic "noise" resulting from few species being known in any one area, and there is no apparent trend along the South American coast. There have been no reports of Gracilaria south of Chilo~, and the genus is not encountered again in South America until about the same latitude on the Argentine (Atlantic) coast.
Along the Chilean coast, Gracilaria is found sporadically in the few bays and other habitats that afford sufficient shelter, but develops considerable biomass wherever it occurs. The species there are poorly understood, and the situation has been complicated by transplanting from one area to another for commercial purposes. In the vicinity of Chilo~, there may be two, possibly three species (Kim, 1970; Westermeier, 1981) . Large biomasses of a species resembling G. verrucosa, and currently known by this name, develop in bays that have some inflow from rivers and annual temperature ranges of 9°-20 °C. As the alga is harvested more or less continuously, significant growth must occur throughout most of the year. Maximum growth of isolate VD from this area occurs at 15°C. As noted already and based on preliminary examination of this species, considering similarities in morphology and habitat, we speculate that it is conspecific with the Argentine entity. The present temperature regime of southern South America would seem to permit migration from one ocean to another, and certainly there is no Iack of suitable habitat in the southern archipelago of Chile; however, lack of continuity suggests that populations in this region may also be relicts. Our knowledge of the western Atlantic species of Gracilaria and their distribution patterns leads us to consider that the Argentine population originated from the Pacific rather than the reverse. We further speculate that this species may range north in the Pacific to Vancouver Island, where it also is referred to as G. verrucosa, although incorrectly (Bird et al., 1982) . Similarities in habitat and morphology support this view, although the northern isolate (VI) is less tolerant of warmer temperatures. Present-day temperatures in the eastern Pacific undoubtedly preclude the occurrence or migration of this species through the tropical areas.
Another species, G. lemaneiformis, occurs in commercial quantities in central Chile (Bahia Herradura), and has been successfully transplanted to the north (Bahia Mejillones del Sur). The annual temperature range in Bahia Herradura is from about 5 °C to 20 °C. Previous experimental studies (Santelices & Fonck, 1979) have shown growth to occur over the range 5 ° to 30°C, with maximum growth at 25°C. Our own studies, using isolates from both Herradura (COQ) and Mejillones (M J), suggest that exposure to 30 °C for six weeks is lethal and that the optimum temperature for growth of COQ is from 15 to 20 °C. To the contrary, growth of MJ is more similar to that of isolate VD.
The distributional range of G. lemaneiformis recently was expanded greatly when Abbott (1983) reduced G. sjoestedtii, described from central California, to synonymy with this species. Thus, in North America, G. lemaneiformis ranges from Vancouver Island southward to Costa R/ca (Abbott, 1983) . In addition to being morphologically indistinguishable, the North and South American entities share similarities in habitat as well. In view of the Costa R/can record and despite the variable response of Chilean isolates to 30 °C, we suggest that G. lemaneiformis is capable of extending through the eastern Pacific tropics. Thus we consider this species and the eastern Pacific entity G. cf. verrucosa both to have extremely broad geographic ranges. Nevertheless, we recognize that work on both of these species is required before definitive conclusions on their distribution can be drawn.
The isolate Gracilaria sp. (CA}, from Shelter Island, San Diego is notable for a narrow thermal range of tolerance and growth {Fig. I). Temperature in its natural habitat ranges from 12 °C to 23 °C (Table 1) , the maximum being close to the limits of tolerance for this species. Even its limited tolerance, however, would permit a very broad geographic distribution along the Pacific coast, excluding only the tropical regions. As we know nothing of the identity of this species, it is not possible to comment further on its possible distribution.
Northward from northern California, there are only two species of Gracilarla (Widdowson, 1974; Abbott & Hollenberg, 1976) , G. lemaneiformis (G. sjoestedtii} and G. cf. verrucosa, which coexist and range to southern Vancouver Island. Both species are usually relatively abundant when present, in bays and inlets where the temperatures are cool and vary little seasonally (Saunders & Lindsay, 1979) . Temperature does not seem to be the reason that these two species disappear from the flora northward along the British Columbian coast. Rather, there are probably other abiotic factors, not apparent at this time, excluding these species. In this regard, we cannot ignore the species of Gracilaria on the neighbouring Pacific coast of the Soviet Union (Makienko, 1979) . In morphology, size (to 2 m long), and habitat where maximum temperatures may be only 14 °C to 16 °C, these plants are comparable to G. cf. verrucosa of the eastern Pacific. Critical study of the Soviet species and comparison with the British Columbian entity are required.
Pastern Atlantic
In considering the eastern Atlantic, we ignore the major irregularities of the Mediterranean and Baltic Seas, and focus on the generally north-south oriented coastline from Norway to South Africa. In the north, large areas of temperate water extend to northern Norway, where there is an annual thermal range of 5 °C to 15 °C and much substrate available to algae. Southward, the temperature increases gradually to its maximum at about latitude 15 °N (Fig. 4) . Warm water is restricted to the central African coast, and has a noticeable seasonal variation in temperature, with the minimum near relative to the mean sea temperature {adapted from Gorshkov, 1979) 20 °C. Not only is the area of warm water small, but much of it also is turbid. The Niger and Congo (Zaire) Rivers are the major discharges of fresh water into the eastern Atlantic, and are undoubtedly major barriers to the dispersal of marine plants and development of extensive floras. Upwelling also occurs along the tropical African coast, so that there may be periodic localized cooler water {Lawson & John, 1982}. Farther south, temperatures decline gradually but do not fall below 15 °C in southernmost Africa. These southern temperate waters are continuous with those of southeastern Africa, with no apparent barriers to algal dispersal, as the land mass does not extend to the colder, higher latitudes. The Gracilaria flora of the eastern Atlantic is ostensibly depauperate. This may reflect a deficiency in floristic records, although the European algal floras are certainly well known, and we are confident that few species of Gracilaria occur in these regions. This is not unexpected as these waters are temperate, with maximum seasonal temperatures of 20 °C occurring only south of the Strait of Gibraltar. The same three species of Gracllaria are found along the European coastline and in Morocco are joined by three more species {although the European species G. bursaopastoris here seems restricted to the Mediterranean coast}. The species composition then changes from Senegal southward {Lawson & John, 1982) .
As in other tropical areas, we would expect a greater number of species from the warm-water region of Africa. This is not, however, borne out by the recent comprehensive treatment of the algal flora by Lawson & John (1982) . The sublittoral flora of most of the African coast is poorly known, though, and with future investigations of these habitats, the number of reported species of Gracilaria may increase. There have been few investigations along the south African coast, but we would not expect a significant increase in the number of species because of the temperate waters. Our lack of first-hand knowledge precludes any further comment here on the African flora.
Gracilaria ranges north to southern Norway (about 53 ° N), where the waters remain above 5 °C throughout the year and reach maximum summer temperatures of nearly 15 °C. This is probably the highest latitude from which a species of Gracilaria is known for certain. Unlike Gracilaria in many areas of North and South America, the eastern Atlantic species do not occur in significant quantity in any one locale but are represented by scattered, occasional plants.
We have experimental data on thermal responses of two of the three European Atlantic species, but regrettably not for G. verrucosa, the type species of the genus. Both G. foliifera (FOL) and G. bursa-pastoris (BPUK) tolerate 5 °C, and the northern limit of both these species is the English Channel, where winter temperatures are about 5 °C. Gracilaria foliifera, however, requires acclimation to the colder temperatures, and a sudden decrease in temperature could thus be detrimental. The thermal properties of FOL would appear to justify the view that populations of G. foliifera in southern England are readily damaged in abnormally cold winters, as occurred in 1978/79 (G. T. Boalch, pers. comm.) . Growth experiments suggest that G. foliifera is very seasonal at the northern limits of its distribution. At the same time, isolate FOL did not tolerate temperatures above 28 °C, which is of interest as the type locality of this species is the Red Sea, notable for high temperatures. Thus the conspecificity of the European and Red Sea populations can be questioned, as the data suggest that this species, or the northern European strain, is not well adapted to warm-water environments.
Identical ranges of thermal tolerance were shown by G. bursa-pastoris (BPUK) and the isolate from the Mediterranean Sea (ITA). In fact, G. bursa-pastoris may be a major species of the Mediterranean Sea, its type locality. This species has been reported south to Morocco, whereas G. foliifera is recorded from the Liberian-Cameroon coast, the area of maximum temperature in the eastern Atlantic. The experimental data suggest that G. bursa-pastoris could adapt well to conditions over much of the eastern Atlantic coast, perhaps better than G. folfifera, although it has not been recognized from any of the more southern sites along this coast.
CONCLUSIONS
The following statements pertain largely to the coasts of the Americas, as, for lack of information, we can draw few detailed conclusions about the eastern Atlantic species at this time.
(1} The number of species of Gracilaria present along a coastline correlates well with water temperature, and the basic assumption that temperature is directly responsible for distribution of this genus is supportable. Tropical waters harbour the greatest number of species, and it is correct to say that Gracilarla is a warm-water genus. In fact, in the regions we have considered, general oceanic temperatures are not too high to restrict the distribution of species of Gracllaria except in a very few cases. That is, there are generally no upper thermal barriers, although these exist in localized habitats where temperatures exceed 34 °C. Here we may note that few if any species of benthic seaweeds can tolerate temperatures above 35 °C when submersed {Biebl, 1962, 1972}. In the northern hemisphere, the area for which we have the most data, there is a close correlation between the number of species of Gracilaria and the total number of algal species in the flora (Gaines & Lubchenco, 1982) . This supports the general conclusion on the importance of temperature to the diversity of the flora.
(2) Minimum temperatures are the major thermal barrier to distribution of Gracilaria. Rapid reduction in species numbers occurs where the 3-month minimum temperature fails below 20 °C (Fig. 5) , the minimum temperature required for significant Points indicate the number of species reported in specific floras growth in many species. Thus, tropical species may extend into slightly cooler waters, but very few species are actually restricted to temperate waters. Further floristic and taxonomic study may show such "temperate" species to be more widely distributed than is presently believed. (3) There is a general coincidence between minimum temperatures tolerated and the minimum temperature within the geographic range of the species, and we have little or no evidence for thermal ecotypes. Further, only one of our isolates could be preconditioned to lower temperatures, and even then, the range of tolerance was extended only about 5 ° . Most of the species that we have examined are capable of tolerating the mean maximum temperatures prevailing in the warm-water regions.
(4) Growth usually does not occur at the lower extreme of the temperature-tolerance range, but frequently continues at a reasonable rate at or above the upper limits of longterm tolerance. Maximum growth is most often at a narrow range of temperature. Reproduction occurs only when the plants are growing well.
(5) In warm-water areas, especially those with seasonal variation in temperature, species may be existing at least part of the time at superoptimal temperatures. For most warm-water isolates, however, maximum growth occurred close to the upper limits of tolerance, as well as at slightly lower temperatures.
(6) In temperate areas growth is undoubtedly seasonal, especially where there are thermal variations in the environment. Many of these species showed maximum growth at 20 °C while growing well at 15 °C. Maximum growth of four of the isolates from the eastern Pacific occurred at 15 °C, and no isolate grew below 10 °C. We have not seen a "cold-water" species or strain of Gracilaria. Species of Gracilaria near their higher latitudinal limits of distribution in temperate waters thus may be under constraints of temperature plus time. Vegetative propagation may be a common mode of reproduction, and large biomasses can accumulate where there is little apparent competition from other species. Therefore, when the growing season is short, vegetative propagation can be important in maintaining populations. Moreover, apical tissue may not represent the absolute limits of thermal tolerance; basal discs of G. foliifera are more cold-tolerant than erect fronds and, like overwintered discs of G. tikvahiae (C. J. , are capable of regeneration.
(7) We suggest that the Gracilaria floras of the western Atlantic, eastern Pacific and eastern Atlantic are distinct, with few if any species in common. Recent doubts cast on the wide, transoceanic distribution of some species of Gracilaria (Bird et al., 1982; Renfrew, 1983 ) support this view. These areas have been separated since the opening of the Atlantic Ocean in the Jurassic period and the closing of the Isthmus of Panama during the Pliocene epoch (Pielou, 1979) . In view of the known distribution patterns of the species and the thermal restrictions we have seen experimentally, species of Gracilaria do not bridge the oceans or continents via the higher latitudes. These areas have, therefore, been separated for sufficient time for a distinct flora to develop in each.
